for the DISTINCT Investigators Objectives: DISTINCT (reDefining Intervention with Studies Testing Innovative Nifedipine GITS -Candesartan Therapy) aimed to determine the dose-response and tolerability of nifedipine GITS and/or candesartan cilexetil therapy in participants with hypertension.
INTRODUCTION
F ast and sustained blood pressure (BP) control in the management of hypertension is paramount [1, 2] . To achieve this objective, many guidelines recommend initial combination therapy, as this approach has advantages related to compliance, efficacy and safety [3] [4] [5] . To date, two large outcome studies have specifically shown that calcium channel blocker (CCB) angiotensin-converting enzyme (ACE) inhibitor combinations are optimal for preventing major cardiovascular events [6, 7] . However, the benefits of using a CCB with an ACE inhibitor rather than an angiotensin receptor blocker (ARB) are less conclusive.
The CHIEF study, which is currently ongoing, is exploring the effect of CCB-ARB on cardiovascular outcomes [8] . However, the ONTARGET study showed that ramipril and telmisartan were equivalent in high-risk participants, with telmisartan demonstrating a superior safety profile [9] .
On the basis of such safety findings, ARBs may be a better option than ACE inhibitors in fixed-dose combinations (FDCs) with CCBs. However, no FDC contains candesartan cilexetil with a CCB or nifedipine GITS. Nifedipine GITS has an osmotic core that delivers controlled drug release over a 24-h period following once-daily administration, making it suitable for use in a once-daily FDC. Furthermore, few studies have investigated the BPlowering effects of very low-dose candesartan cilexetil (4 mg) or nifedipine GITS (20 mg), alone or in combination [10] [11] [12] [13] . Candesartan cilexetil has been shown to have stronger binding affinity to the AT-1 receptor than other ARBs [14] , although the clinical implications of this are not known. In a large observational study [15] , candesartan cilexetil was associated with a 14% lower risk for total cardiovascular disease, and a 36% lower risk for heart failure than losartan.
The aim of the present randomized, placebo-controlled study was to determine the dose-response and tolerability of various combinations of nifedipine GITS and candesartan cilexetil compared with respective monotherapies (including very low doses) in patients of different race with mild-to-moderate hypertension. This is the first study to explore this combination.
MATERIALS AND METHODS

Study design
DISTINCT (reDefining Intervention with Studies Testing
Innovative Nifedipine GITS -Candesartan Therapy) was an 8-week, multinational, multicentre, randomized, double-blind, placebo-controlled, parallel-group, multifactorial study to determine the dose-response of various combinations of nifedipine GITS and candesartan cilexetil compared with respective monotherapies and placebo in participants with Grade I and II hypertension. Participants were enrolled from 131 study centres in 12 countries (Argentina, Belgium, Canada, Italy, Lithuania, Russia, South Africa, South Korea, Spain, Ukraine, UK and USA) between 28 April 2011 and 28 May 2012. The study protocol was reviewed and approved by each centre's independent ethics committee (IEC) or institutional review board (IRB), and the study was performed in accordance with the Declaration of Helsinki and the International Conference on Harmonization (ICH) guidelines on good clinical practice (GCP). All participants provided written, informed consent.
Following a 2-week (AE3 days) screening/washout period, and a 2-4 week, single-blind, placebo run-in period, participants were randomized in equal ratios to one of 16 Participants were randomized per country using a computer-generated random code provided by Bayer HealthCare AG (Berlin, Germany). Participants were instructed to take their medication once daily with water at 0800 h (AE2 h), except on the day of a clinic visit [Weeks 0 (randomization), 1, 2, 4, 6 and 8], when medication was taken after measurement of BP and heart rate. Participants randomized to the N60C32 treatment arm began treatment with N30C16 and were up-titrated to N60C32 after 1 week.
Participants
Men and women aged at least 18 years with Grade I and II hypertension [16] measured by a calibrated electronic BP device were eligible. Participants had a mean seated DBP at least 90 and less than 110 mmHg at screening, DBP at least 95 and less than 110 mmHg at randomization, and an absolute difference in DBP of less than 10 mmHg between screening and randomization. Major exclusion criteria are described in the additional methods in the supplemental digital content, http://links.lww.com/HJH/A389.
Assessments
The primary efficacy endpoint was change in DBP from baseline to Week 8. At the time of study planning, DBP was the gold standard, and the study methodology was approved by the European Medicines Agency Committee for Medicinal Products for Human Use (CHMP) and was in line with comparator 8-week CCB/ARB FDC studies [17] [18] [19] . In 2011, after the study was initiated, the CHMP amended their guidelines for the investigation of hypertension treatment to recommend SBP as the primary outcome in antihypertensive trials [20] , in line with recent consensus on the importance of elevations in SBP for diagnosis and therapy. Secondary efficacy endpoints incorporated SBP data: change in mean seated SBP from baseline to Week 8; control rate at Week 8, defined as the proportion of participants achieving the predetermined BP target of less than 140/90 mmHg; stratified BP control rate at Week 8, defined as the proportion of participants achieving the predetermined BP target of less than 140/90 or less than 130/80 mmHg for those without and with diabetes mellitus or chronic renal disorder [baseline estimated glomerular filtration rate (GFR) <60 ml/min], respectively; response rate at Week 8, defined as the proportion of participants achieving an SBP response (SBP <140 mmHg or reduction >20 mmHg) or DBP response (DBP <90 mmHg or reduction >10 mmHg); and time to achieve first BP control. Efficacy outcomes in patients from different racial backgrounds and descriptive subgroup analyses according to patient sex, and baseline BMI and hypertension grade were also considered.
BP was measured using a calibrated electronic device (Model HEM-705CP; Omron Healthcare, Inc., Bannockburn, Illinois, USA, with a cuff of an appropriate size), which was supplied with instructions for use by Bayer HealthCare AG. BP was measured in the morning (between 8 : 00 and 9 : 00 a.m.), in both arms during the first visit and in the arm with the highest BP reading for all subsequent readings. At each visit, the participant was required to sit for at least 5 min; three BP measurements were then performed 2 min apart, with participants in the seated position, and the arithmetic mean was calculated.
Safety endpoints included the incidence, severity and relation to study drug of adverse events, coded using the Medical Dictionary for Regulatory Activities (MedDRA) version 15.0 (see additional methods, supplemental digital content, http://links.lww.com/HJH/A389); vital sign assessments; and routine laboratory evaluations.
Side effects of vasodilation, including oedema, were a particular focus of the adverse event analysis. The occurrence and severity of peripheral oedema was assessed at all scheduled clinic visits, and headache was captured by selfreporting of symptoms by study participants. Enquiries regarding headache and other adverse symptoms were also made at each clinic visit by the investigator. Standardization across investigator sites was maintained through establishment of a detailed clinical protocol and through monitoring for adherence to the protocol by COVANCE Inc., Illinois, USA.
Statistical analyses
On the basis of simulation, a sample size of 1320 randomized participants with 75 evaluable participants per treatment group was required, assuming a 10% dropout rate. This would provide at least 90% power to detect the dose effect of both N and C at a significance level of 0.05 (5%). Efficacy analyses were performed on the full analysis set, which included all randomized participants who received at least one dose of study medication and had baseline and at least one valid post baseline BP measurement. All randomized participants who took at least one dose of study drug were included in safety analyses. For efficacy analyses, missing values were imputed by the last observation carried forward (LOCF) approach. All statistical hypothesis tests were two-sided and conducted at the 5% significance level unless otherwise stated.
The primary efficacy endpoint was analysed using the response surface model (RSM) [21] to build the doseresponse of N and C. The mean BP reduction at Week 8 was analysed by fitting the following model:
where Dose A : magnitude of the nifedipine GITS dosage (0, 20, 30 and 60 mg), Dose C : magnitude of candesartan cilexetil dosage (0, 4, 8, 16 and 32 mg), y: DBP or SBP change, e i : error term due to model specifications. Each term was tested at a 5% level, and the terms that were not statistically significant were dropped from the model utilizing backward selection. The final model was constructed on the basis of the coefficient tests, and the dose-response relationship was analysed on the basis of the final model. When coefficient a 1 and a 2 were significant (following testing at the 5% level), it was claimed that nifedipine GITS and candesartan cilexetil treatment each provided a statistically significant contribution to the overall BP-lowering effect of combination therapy. A test for lack of fit (F-test) was used to evaluate whether the RSM fit the data well. A P value of greater than 0.05 indicates no evidence of lack of fit.
For secondary efficacy analyses, changes in DBP and SBP from baseline to Week 8 were analysed using analysis of covariance (ANCOVA), including treatment group, (pooled) centre, and diabetes mellitus status at baseline as fixed effects, and baseline BP and age as covariates. Control and response rates at Week 8 were compared between treatment groups using a logistic regression model with independent variables of treatment group, (pooled) centre, baseline value, age, and diabetes mellitus status at baseline. The time to achieve first BP control was analysed using the Kaplan-Meier method. Statistical evaluations were performed by Bayer HealthCare AG using SAS software 9.2 (SAS Institute Inc., Cary, North Carolina, USA).
RESULTS
Population characteristics
A total of 2817 participants were screened and 1381 (49.0%) were randomized to treatment, with 1362 participants included in the full analysis set. The baseline characteristics of these participants are summarized in Table 1 . Overall, 1259 (91.2%) participants completed the study (Fig. 1 ). The mean (SD) treatment duration was 54.8 (10.0) days, and treatment compliance was 98.9% overall, with no dosedependent pattern. Concomitant medications were taken by 850 participants (62.4%) during the study, which were most commonly analgesics (25.8%), topical products for 
Efficacy endpoints
The RSM demonstrated no statistically significant interaction between nifedipine GITS and candesartan cilexetil (P > 0.05). The F-test showed no evidence for lack of fit [lack of fit P values: 0.1401 (DBP) and 0.0872 (SBP)], indicating that RSM was an appropriate model for use in this study. On the basis of the final RSM, both nifedipine GITS and candesartan cilexetil contributed significantly (P < 0.0001) to the BP reduction effect of the combination. A positive dose-response was demonstrated, showing that the higher the dose of each component, the larger the BP reduction effects, within the dose range studied. On the basis of the final RSM, the estimated SBP/DBP reduction from baseline was -8.0/-7.2 mmHg (placebo), -16.3/-11.7 mmHg (N60), -15.1/-11.7 mmHg (C32) and -23.4/-16.2 mmHg (N60C32) (Fig. 2) . A signal of plateau effect was observed when the dose of candesartan cilexetil was increased from 16 to 32 mg. Secondary analyses showed that all nifedipine GITS/ candesartan cilexetil combinations were associated with a statistically and clinically significant greater reduction in SBP/DBP than placebo (P < 0.05) and with respective monotherapies (P < 0.05; ANCOVA) at Week 8 (individual comparisons are presented in the results section of supplemental digital content, http://links.lww.com/HJH/A389). The greatest reductions in SBP/DBP were observed in the N60C32 group [-23.8/-16.5 mmHg; P < 0.05 versus placebo (-5.3/-6.7 mmHg) and respective monotherapies] and the N30C32 group (-22.1/-16.1 mmHg; P < 0.05 versus placebo/monotherapy). Even the lowest dosing groups showed pronounced least squares mean reductions in SBP/ DBP from baseline to Week 8 (C4: -11.8/-9.4 mmHg; N20: -11.9/-9.9 mmHg; P < 0.05), and combination of these doses performed favourably (N20C4: -18.7/-13.7 mmHg; P < 0.05).
The control rate (BP <140/90 mmHg) and response rates at Week 8 were statistically significantly higher than those in the placebo group (P < 0.05) and numerically higher than those in respective monotherapy groups (Fig. 3) . Many combination therapy control and response rates were also statistically significantly greater than either or both of the respective monotherapies (Fig. 3, footnote) . The greatest control rates were observed in the N30C32 (65.5%, P < 0.05 for combination versus both monotherapy components) and the N60C32 groups (61.9%, P < 0.10 for combination versus both monotherapy components), with the lowest control rate in the placebo group (9.3%).
As expected, candesartan cilexetil monotherapy demonstrated a differential treatment effect between black and Nifedipine GITS-candesartan combination
Journal of Hypertension www.jhypertension.comwhite patients; however, no substantial racial differences in treatment effect of combination therapy could be detected (Fig. 4) . Descriptive subgroup analyses for BP reduction and control rate according to patient sex, BMI and hypertension grade demonstrated a similar trend in treatment effect of the nifedipine GITS/candesartan cilexetil combination versus placebo and the respective monotherapies to the overall analysis (supplemental digital content, http:// links.lww.com/HJH/A389). In the monotherapy groups, the median time to achieve first BP control (BP < 140/90 mmHg) decreased with increasing dose of nifedipine GITS (20 mg, 68 days; 30 mg, 43 days; 60 mg, 16 days) and candesartan cilexetil (4 mg, 43 days; 8 mg, 30 days; 16 mg, 32 days; 32 mg, 15 days). Combination treatment was associated with a shorter median time to achieve first BP control than monotherapy (supplemental digital content Fig. 1 , http://links. lww.com/HJH/A389). The shortest median time to achieve first BP control was observed in the N60C16 group (12 days), and the median time to achieve first BP control in all other combination groups was 15 days or less [compared with N60 (16 days) and C16 (32 days)]. The percentage of participants achieving BP control (<140/90 mmHg) over the course of the study is shown in supplemental digital content Fig. 2 , http://links.lww.com/HJH/A389.
Safety endpoints
A total of 536 participants (38.8%) reported at least one treatment-emergent adverse event (TEAE) ( Table 2 ). The majority of TEAEs were mild or moderate in intensity, with only 21 (1.51%) participants reporting severe TEAEs and seven (0.5%) reporting severe treatment-related adverse events. There were no deaths during the randomized treatment period.
A total of 33 participants discontinued study drug because of TEAEs. Discontinuation due to treatment-related adverse events was low across all groups [candesartan cilexetil monotherapy (0.9%); nifedipine GITS monotherapy (3.5%); nifedipine GITS/candesartan cilexetil combination (2.9%); and placebo (1.1%)].
Compared with nifedipine GITS monotherapy, combination therapy was associated with a lower incidence of vasodilatory TEAEs [18.3% (n ¼ 127) versus 23.6% (n ¼ 60)], including incidence of headache [5.5% (n ¼ 38) versus 11.0% (n ¼ 28); P ¼ 0.003, chi-square test] (Fig. 5) . Combination therapy was associated with fewer reports of oedema as a TEAE compared with nifedipine GITS monotherapy; 12.8 versus 14.2%, respectively (n.s). Peripheral oedema was also assessed as standard at each clinic visit and showed reduced incremental incidence over time for combination versus nifedipine GITS monotherapy ( Fig. 6; n.s.) . The incidence and severity of oedema showed no clear relationship to dose of nifedipine GITS (see supplemental digital content, http://links.lww.com/HJH/ A389).
A total of four hypotension events occurred in the N20, N20C4, N20C16 and N60C32 groups, respectively (all judged to be related to the study drug but none serious or severe), and no dose-dependent pattern was found.
Further safety results regarding serious TEAEs and laboratory assessments can be found in the supplemental digital content, http://links.lww.com/HJH/A389.
DISCUSSION
In DISTINCT, nifedipine GITS-candesartan cilexetil combination produced significantly greater reductions in SBP and DBP than placebo and respective monotherapies at Week 8. Nifedipine GITS and candesartan cilexetil both contributed independently to the significant BP reductions obtained with combination therapy, with a positive dosedependent effect. The 8-week BP control and response rates were significantly improved for all combinations compared with placebo, and the median time to achieve BP control was shorter than monotherapy, although this measure was linked to visit schedule. A number of combinations (N30C8, N30C16, N60C16 and N60C32) were shown to be of particular clinical interest; however, even very low-dose combination (N20C4) provided significant BP reductions. N60C32 achieved maximal SBP/DBP reduction with a similar safety profile to N60C16 and N60. Although DISTINCT is the first study to determine the effects of nifedipine GITS-candesartan cilexetil in combination, the efficacy of nifedipine GITS (20-180 mg/day) monotherapy has been described in several randomized studies [11, 22, 23 ]. An early study (NICE-Combi) showed that nifedipine controlled release (20 mg) formula and candesartan cilexetil (8 mg) achieved significantly greater BP reduction (P < 0.0001) and superior safety results than up-titrated monotherapy [24] . The current study confirms this efficacy of low-dose nifedipine-candesartan combination (N20C4, N20C8) for significant BP reductions with an improved tolerability profile over CCB monotherapy. Previous research has shown that, for patients not reaching target BP with monotherapy, low-dose combinations of antihypertensive classes with complementary modes of action achieve greater reductions in BP than uptitration of monotherapy, with potentially fewer dose-related side effects [25] [26] [27] . Our study supports this, as BP reductions associated with the N20C4 and N20C8 combinations were significantly greater than for the component monotherapies, and greater than the reductions achieved by patients receiving high-dose monotherapy (N60 or C32). The cardiovascular benefits of ARB therapy have been demonstrated in large-scale outcomes studies [28, 29] . In several comparative studies, candesartan was associated with decreases in SBP and DBP similar to telmisartan and valsartan [30] , and showed improved cardiovascular risk reduction compared with losartan in a real-life setting, despite similar reductions in BP [15] . Candesartan may also have benefits over other ARBs in terms of its AT-1 receptor binding affinity [14] , although the clinical implications of this are unknown. In the current study, a signal of plateau antihypertensive effect was observed when increasing the dose of candesartan cilexetil from 16 to 32 mg. This has not been observed in previous dosing studies of candesartan in a range of hypertensive patients [12, 31] , but a similar plateau effect in response rate was demonstrated during pharmacodynamic studies of the drug [32] . We can draw no firm conclusion from our data, due to the relatively low numbers of patients in each dose group. Differences in response to antihypertensive therapies according to race have been noted in the literature for many years, with consistent small differences in responses between blacks and whites, especially for ACE inhibitors, ARBs (including candesartan cilexetil) and b-blockers [33] . Black patients generally respond more favourably to CCBs and diuretics, and this is reflected in hypertension management guidelines [34, 35] . In accordance with this, our study demonstrated a difference in treatment effect of candesartan monotherapy in the black versus white populations; however, the treatment effect of nifedipine-candesartan combination therapy was similar in black and white patients. These data are supportive of previous studies of CCB/ARB combination therapy in different racial groups [36, 37] . Descriptive subgroup analyses (sex, BMI, hypertension grade) demonstrated a similar treatment effect of combination therapy versus placebo and respective monotherapies, across patient groups. However, there was a consistently greater BP-lowering effect of study drug in patients with Grade II versus Grade I hypertension at baseline. These data suggest that nifedipine-candesartan therapy may be an effective CCB-ARB combination in a wide range of patients.
In the current study, nifedipine GITS/candesartan cilexetil combination improved the CCB-related side effect profile compared with nifedipine GITS monotherapy. This included a significant reduction in headache and a nonsignificant decrease in the incremental incidence of peripheral oedema. In addition to the recording of peripheral oedema as an adverse event, oedema was measured at each clinic visit. Data from these repeated measurements of oedema support that combination therapy was associated with reduced oedema compared with nifedipine monotherapy. Furthermore, no clear relationship between 
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Journal of Hypertension www.jhypertension.comoedema incidence/severity and dose of nifedipine was observed; low doses of nifedipine were associated with oedema rates similar to those for candesartan monotherapy, although a trend for a greater incidence of moderate oedema with 60 mg doses of nifedipine (monotherapy or in combination) was indicated. Such an increase in incidence of peripheral oedema has previously been noted when uptitrating from 30 to 60 mg nifedipine GITS [38] ; however, this side effect appears to be largely ameliorated when nifedipine GITS is taken at bedtime rather than in the morning [39] . As the data from this study indicate similar efficacy in BP control with N30C32 and N60C32, further research is warranted into the clinical potential of these dose combinations and their tolerability profiles. The incidence of headache tended to decrease over the course of the study in the placebo, nifedipine GITS monotherapy and combination groups. Although the occurrence of headache for nifedipine GITS monotherapy was higher than for placebo over the whole trial (11.0 versus 6.8%, respectively), the incidence of headache at Week 8 was similar in these two groups due to increased incidence in the placebo population from Week 6 to Week 8 (Fig. 5) . Previous pooled data from participants using nifedipine GITS show that adverse drug reactions occur with a low incidence (<3%), except for oedema (9.9%) and headache (3.9%) [40] . In the current study, it is possible that active reporting and increased focus on vasodilatory side effects could have contributed to the higher rate of headache (11.0%) and oedema (14.2%) than previous data on nifedipine GITS. CCBs are known to cause arteriolar vasodilation, but the addition of a RAS blocker may mitigate this by increasing venous vasodilation, resulting in normalization of intra-capillary pressure [41] . However, ARB therapy has been associated with a substantial reduction in the incidence of headache (of around one-third) compared with placebo, and is being highlighted as a potential prophylactic treatment for patients with migraine [42, 43] . CCB-ARB combinations have been associated with a significantly lower incidence of headache and oedema than CCB monotherapy, which may improve compliance and BP goal attainment [44] . Similarly, this study demonstrated a 50% reduction in headache when candesartan was combined with nifedipine GITS, which may lead to improvements in adherence.
A limitation in our study was the selection of reduction in DBP as the primary endpoint, rather than SBP, which is now recognized as a more important prognostic factor of cardiovascular outcomes than is DBP [45] . Nonetheless, this choice is in line with similar CCB/ARB studies, making our data directly comparable. Furthermore, analysis of SBP outcomes and BP control and response rates was prespecified in the trial protocol. A further limitation to our study may be that we did not employ 24-h ambulatory BP as an outcome. Since this study protocol was designed and approved, the prognostic value of 24-h BP measurements and variability has been more widely recognised [46] .
In conclusion, nifedipine GITS and candesartan cilexetil combination therapy provided statistically significant BP lowering, with efficacy superior to respective monotherapies and each drug contributing independently in combination. A positive dose-response was obtained for all combinations tested, and even very low-dose therapy provided significant BP reductions. The 8-week BP control rates were significantly higher for most of the combinations of clinical interest. Combination treatment was associated with a shorter median time to achieve first BP control than monotherapy, and the treatment effect of combination therapy was similar in black and white patients. Importantly, combination therapy was well tolerated compared with the respective monotherapies, with a low rate of discontinuation, no increased risk of hypotension and a reduced risk of CCB-associated (vasodilatory) side effects.
Reviewers' Summary Evaluations
Reviewer 1
This well conducted placebo-controlled trial of combination therapy with nifedipine and candesartan in various doses in middle-aged moderately overweight mild-tomoderate hypertensive patients show additive effects on blood pressure by the drug combination, with a favourable profile on side effects. This study supports the use of drugs that block the renin-angiotensin system and calcium channel blockers as first-line combination therapy. Unfortunately, this study only lasted 8 weeks, did not assess 24 h ambulatory blood pressure monitoring, and provided no information on prognosis and outcome.
Reviewer 2
These results are concordant with those of other studies that combine dihydropiridine calcium antagonists with angiotensin AT1 receptor blockers but, such as the authors underline, this is the first multicenter study evaluating the efficacy and tolerability of the combination candesartan plus nifedipine GITS, at different doses, in a wide range of hypertensive patients.
Besides the limitations noted by the authors, it is possible that a larger extensión of the treatment period (3-6 months) would have offered a better perspective on the efficay and tolerability profile of this antihypertensive combination.
